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Electrochemical mechanical deposition �ECMD� planarizes copper films as they are plated on patterned wafer surfaces. The
technique involves electrochemical deposition �ECD� and simultaneous sweeping of the cathode surface with a pad. Pad sweeping
gives rise to a mechanically induced current suppression �MICS� phenomenon if plating is performed in electrolytes containing
accelerator and suppressor additives as well as Cl− ions. In this work we studied the MICS phenomenon by partially sweeping
blanket wafer surfaces with a small pad and investigating effects of the bath chemistry and wafer surface derivatization on the
copper growth rates at the swept and unswept regions of the surface. It was found that, at a given suppressor concentration, copper
growth rate differential between the two regions was reduced with increasing accelerator concentration in the bath. Derivatization
of the wafer surface in an accelerator-containing solution followed by ECMD in a suppressor-containing bath gave the largest
growth differential between the swept and unswept surface portions, suggesting high planarization efficiency. Adsorption-
desorption kinetics of the organic additives used in this work were obtained under ECD conditions and found to support the
proposed mechanism of MICS.
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Electrochemically deposited �ECD� copper is the preferred ma-
terial for the fabrication of advanced interconnect structures for in-
tegrated circuits because of copper’s low resistivity and high elec-
tromigration resistance.1 In a conventional interconnect fabrication
process, copper is filled into and coated over the various size fea-
tures formed in the dielectric layer deposited on the wafer surface.
The plated copper film is then annealed and the excess material over
the top surface or the field region of the wafer is removed by chemi-
cal mechanical polishing �CMP�, electrochemical mechanical pol-
ishing �ECMP�, or by a combination of both approaches leaving the
conductors only within the cavities of the features.

In a typical ECD process, specially formulated electrolytes con-
taining chloride ions and organic additives such as suppressors and
accelerators are employed to achieve void-free superfilling or
bottom-up filling of submicrometer--size high aspect ratio �AR�
features.2-4 This superfilling mechanism is not operative in large
features with aspect ratios much smaller than 1.0. ECD coats such
features in a conformal manner so that steps form over the large
features, the step height being approximately equal to the depth of
the features. The surface topography of a copper layer deposited on
a patterned wafer surface by the standard ECD process, therefore, is
nonplanar. The topography is planarized during the subsequent CMP
step, which needs to planarize and remove copper without causing
excessive dishing, erosion, or mechanical defects on the wafer. This
task is becoming more and more challenging for the CMP process as
mechanically weak low-k materials are adapted as dielectric layers
in advanced interconnect structures.

Electrochemical mechanical deposition �ECMD� process was de-
veloped to planarize the copper layer during the deposition step so
that an already planarized film would be delivered to the CMP
process.5-7 Benefits of such planar copper layers for interconnect
fabrication include less dishing, erosion, or metal loss.8-10 Planariza-
tion during deposition would only be possible if copper deposited
faster into the large cavities compared to the top surface of the
wafer, i.e., if superfill is achieved into the low AR features. Because
the well-known superfill mechanism for the high AR features, such
as the curvature-enhanced accelerator coverage �CEAC� mech-
anism,4 does not apply to filling low AR features, ECMD utilizes a
newly identified mechanically induced superfilling �MISF� mecha-
nism to achieve planarization of depositing copper over large fea-
tures on the wafer surface.11

One mode of operation for ECMD involves sweeping the surface
of the wafer with pad strips during copper electroplating. When the
pad mechanical action is applied to the wafer surface during plating,

the deposition current density on the swept top surface is suppressed
and deposition of copper into the wide features, which may have
aspect ratios of smaller than 0.01, is enhanced.

The mechanism of MISF into the cavities and mechanically in-
duced current suppression �MICS� at the swept surface of the wafer
was recently studied and a model was proposed.11 According to the
proposed planarization model, the sweeping action of the pad in-
duces a differential in the copper growth rates between the top sur-
face of the wafer and the cavities by inducing a disparity in the
surface coverage of active organic additives at the top surface and
on the internal surfaces of the cavities. Figure 1a schematically
shows a section of a patterned wafer surface with a cavity. The field
region or the top surface is labeled as F, whereas the bottom surface
of the cavity is labeled as B. Both the field region and the cavity
internal surface are coated with a copper seed layer. During the
ECMD process copper deposition is initiated while the pad starts to
sweep the top surface F periodically. Therefore, region F becomes
the swept region. The pad does not sag into the cavity, and therefore
leaves the bottom surface B unswept. The average current density
on the bottom surface B becomes larger than the average top surface
current density because the sweeping action of the pad reduces the
fractional surface coverage of the accelerator while increasing the
fractional surface coverage of the suppressor at the swept region or
the top surface.11 Therefore, when the already-swept region enters
into the plating solution and deposition starts, the effective surface
coverage of the suppressor at that location is high. Accelerator then
starts to readsorb on the top surface until the next pad sweep. The
process continues in this cyclic fashion, resulting in planarization of
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Figure 1. Schematic representation of ECMD process carried out �a� on a
patterned substrate with a cavity where the pad sweeps the whole top sur-
face; �b� on a flat substrate where a small pad sweeps only a portion of the
surface.
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the deposited layer. Dependence of the ECMD planarization effi-
ciency on various experimental parameters, such as additive compo-
sitions and concentrations in the electrolyte, plating bath acidity, and
derivatization of the wafer surface before the ECMD process, was
previously studied using patterned wafers, copper sulfate-based
electrolytes, and a single planarization pad strip.12 It was determined
that ECMD did not yield planarization in electrolytes free of organic
additives or in solutions containing only Cl− ions and accelerators. A
low planarization efficiency of about 10–20% was measured in elec-
trolytes containing Cl− ions and suppressors. Only when Cl− ions,
accelerators, and suppressors were all present in the electrolyte, pla-
narization efficiencies of about 60% were observed. When the wafer
surface was derivatized in solutions comprising high accelerator
concentration before the ECMD process, planarization efficiency of
ECMD increased to 95%. Addition of levelers into the plating solu-
tion was found to be detrimental to planarization. High acid electro-
lyte �17 gm/L copper, 175 gm/L H2SO4� provided higher planariza-
tion capability than low acid electrolyte �40 gm/L copper, 10 gm/L
H2SO4�.

If the planarization mechanism of ECMD described above in
reference to a patterned wafer surface �Fig. 1a� is correct, then a
copper growth rate differential could also be induced on a blanket
wafer surface if a small pad is used to sweep only a portion of the
surface, leaving another portion unswept during copper plating. This
is schematically shown in Fig. 1b, where an area of a blanket wafer
surface is swept by a small pad piece in the direction of the arrow in
a cyclic manner, forming on the surface a swept ring and an unswept
region B�. The copper growth rate differential between the swept
and unswept regions of a blanket wafer surface �Fig. 1b� and the
copper growth rate differential between the top surface and the cav-
ity region of a patterned wafer surface �Fig. 1a� should be directly
related. In other words, a plating chemistry or a plating process
condition that would yield high planarization efficiency for ECMD
of a patterned wafer surface should also yield a high copper thick-
ness differential between the swept and unswept regions of a blanket
wafer surface. Therefore, we found that use of blanket wafers to
study the MICS phenomenon, mechanism of ECMD, and optimiza-
tion of ECMD planarization efficiency was much easier and eco-
nomical than using patterned wafers.

We have recently carried out experiments where we swept a
ring-shaped portion of a blanket wafer surface by a small pad during
copper electroplating and studied the copper growth rate differential
in the swept and unswept regions as a function of �i� the additives
present in the plating bath, and �ii� the wafer rpm during depo-
sition.13 Results showed that there was no appreciable growth rate
differential between the swept and unswept regions of the wafer if
plating was carried out in an organic additive-free electrolyte or an
electrolyte containing only accelerators and Cl− ions. For electro-
lytes containing only Cl− ions and suppressors a small differential
was observed, whereas in an electrolyte containing both accelerators
and suppressors in addition to Cl− ions, the copper growth rate at the
swept region was found to be appreciably lower than at the unswept
region.13 These results were in agreement with the findings of our
prior work carried out on patterned wafers and summarized above.12

The rpm dependence of the MICS phenomenon was modeled taking
into account additive adsorption transients, and a good fit was
obtained with the experimental results.13 In the present work we
carried out a more in-depth study of the MICS phenomenon by
using blanket wafers and inducing copper growth rate differential
on the wafer surface by partially sweeping the surface with a small
pad. Copper thickness differential between the swept and unswept
regions was investigated as a function of the concentrations of vari-
ous additives in the plating electrolyte and preplating treatment of
the wafer surface with organic additives. The findings of this study
confirmed the validity of the previously proposed MICS mechanism
and provided information about ways to improve the planarization
efficiency of the ECMD process as applied to patterned wafer
processing.

Experimental

Schematic top and side views of the plating cell used in the
experiments are shown in Fig. 2. The field-shaping plate is a porous
rigid plate through which the plating solution rises up and reaches
the wafer surface to be plated. The porosity on the shaping plate
was designed to assure uniform film deposition. A rectangular cop-
per anode was placed in a cavity under the shaping plate and two
15 � 10 mm size pads were attached symmetrically along the x axis
over the shaping plate at locations 70–85 mm from the center. The
pads were made of a fixed-abrasive type material supplied by 3M
Company and mounted on a spongy and soft backing.

Blanket wafers of 200 mm diameter with 300 Å thick Ta barrier
film and 1000–1200 Å thick copper seed layer were used in this
study. Wafers were lowered towards the shaping plate with a wafer
holder �not shown� that could rotate as well as translate the wafer in
the “x” direction by controlled amounts and at controlled speeds.
Multiple electrical contacts were made to the wafer surface at the
two locations indicated in the figure. When the wafers were lowered
down toward the shaping plate, wafer surface touched the plating
solution and was pushed against the surface of the planarization pad
pieces at a force level of about 0.8 psi. Plating was initiated 10 s
after the wafer was immersed in the plating electrolyte and rotated
as well as translated laterally by ±1 mm at a speed of 1 mm/s.
These motions continued during plating also. Rotation of the wafer
and the physical contact with the two pad pieces generated a “swept
ring” during the plating process as shown by the cross-hatched re-
gion in Fig. 2. A high acid copper sulfate electrolyte with 17 gm/L
of copper, 175 gm/L of H2SO4, and 50 ppm of Cl− was used for the
plating work because previous work had shown a higher planariza-
tion efficiency for ECMD in high acid electrolyte compared to low
acid electrolyte.12 Cubath Viaform Suppressor and Cubath Viaform
Accelerator available from ENTHONE were used as the organic
additives. In an ECD process employing ENTHONE chemistry the
typical accelerator and suppressor concentrations are 2–3 and
7–9 mL/L, respectively. These concentrations are used in the ECD
process because they yield defect or void-free gap fill performance
for submicrometer--size high AR vias and damascene structures on
the wafer surface. Because ECMD process concerns itself with pla-
narization of large features with extremely small ARs, additive con-
centrations for this application may be quite different. In this study
one of our goals was to investigate the effect of additives on the
MICS phenomenon, and therefore we have gone beyond the typical
ECD concentration levels of these additives and varied the accelera-
tor and suppressor concentrations in the 0–70 and 0–16 mL/L range,
respectively. The average plating current density applied was
20 mA/cm2. After deposition, copper thickness profiles across the
swept ring, such as from point A to point B in Fig. 2, were measured

Figure 2. Top and side views of the experimental plating cell used to process
200 mm wafers in this work.
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using a CDE RESMAP four-point probe station to determine any
thickness differential between the swept and unswept sections of the
wafer. Sheet resistance-to-thickness conversion was done using a
resistivity value of 2.5 �� cm, which is the room temperature re-
sistivity of our as-plated copper layers. Measurements were taken on
at least four locations on the wafer. Variations in results were shown
as error bars in the graphs. Dependence of the thickness differential
on process variables such as concentrations of various organic addi-
tives in the plating bath was studied. Surface morphology of the
copper film at the swept and unswept regions of the wafer was
determined using an FEI Expida 1265 FIB/SEM system. Surface
roughness was measured using a VEECO DekTak V300Si profiler.
The presence of two small pads within the swept ring of the wafer
introduces a certain amount of current shadowing in this region
because the pads are insulating. This effect was calculated to be
about 4% by taking the ratio of the total width of the two pads
�2 cm� to the circumference �15.5 � cm� of a circle at the location
of the center of the pads at 77.5 mm. Because the total plated copper
thickness was about 5000 Å in most of the experiments, the shad-
owing effect is expected to cause a step height of about 200 Å. This
amount was taken out of all experimental thickness differential data
to leave only the electrochemical mechanical effect on the copper
growth rate.

In a group of experiments, blanket wafers coated with barrier and
seed layers were derivatized in accelerator containing deionized �DI�
water for 30 s. Concentration of the accelerator in the water was
2 mL/L. After derivatization wafers were rinsed, dried, and used for
copper plating in the cell of Fig. 2 within 10 min. The plating elec-
trolyte in these experiments contained only 8 mL/L of suppressors
and 50 ppm of Cl− ions.

Polarization data were collected using an experimental plating
cell consisting of a 100 mL beaker with about 5 cm diameter, a
copper anode, and 1 � 2 cm size wafer piece with copper seed layer
that served as the cathode. Only 50 mL of solution was filled into
the beaker to minimize solution volume. A constant current density
of 20 mA/cm2 was applied between the anode and the cathode by a
Princeton Applied Research �PAR-263A� potentiostat/galvanostat
and the cathode voltage was monitored with respect to a calomel
reference electrode as the additive content of the high acid electro-
lyte �with 50 ppm of Cl−� was manipulated during plating. The an-
ode to cathode distance was 3 cm and the reference electrode was
placed right next to the cathode. The solution was stirred rigorously
in these experiments using a 2.5 cm long, 0.5 cm diameter magnetic
rod rotating at 500 rpm to minimize the time for additive mixing
into the solution. In one experiment suppressor and accelerator ad-
ditives were introduced into the solution consecutively during plat-
ing at amounts of 8 and 2 mL/L, respectively, and the variation in
cathode potential was recorded. Additives were introduced into the
solution rapidly, using a dropper. In another experiment the cathode
was introduced into a solution already containing 8 mL/L of sup-

pressors and 2 mL/L of accelerators and the transient of the cathode
voltage was recorded. In a third experiment the copper seed surface
was derivatized in a DI water solution with 2 mL/L of accelerators
for 1 min. The sample was rinsed and dried and then used as a
cathode for plating copper out of an electrolyte containing only
8 mL/L of suppressors. The voltage transient during deposition was
recorded. In all of the above experiments the goal was to gather
information about the kinetics of additive adsorption�desorption� on-
�from� the wafer surface under ECD conditions.

Results and Discussion

The focused ion beam-scanning electron microscope �FIB/SEM�
cross sections of Fig. 3a-f were taken from the sections of copper
layers within the swept and unswept regions of the wafer as a func-
tion of the organic additives present in the deposition electrolyte.
Plating was carried out at 50 rpm and enough charge was deposited
on the wafer for a 5500 Å thick copper layer. Because the barrier
and copper seed layer thicknesses were 300 and 1100 Å, respec-
tively, the FIB cross sections were expected to show a total film
thickness of about 0.69 �m over the dielectric layer, provided plat-
ing was perfectly uniform.

As can be seen from Fig. 3, the surface morphology of the films
deposited out of an electrolyte containing only 2 mL/L of accelera-
tor was relatively rough ��100 Å surface roughness� with rounded
features in the unswept �Fig. 3a� as well as swept �Fig. 3b� regions.
In fact, roughness seemed to be larger in the swept region. The FIB
cross sections showed a film thickness of about 0.66–0.68 �m for
both regions, suggesting that there was no measurable growth rate
differential between the swept and unswept regions. For the film
plated out of an electrolyte containing only 8 mL/L of suppressor,
the unswept region �Fig. 3c� showed rough morphology ��200 Å�
with nodules, whereas the swept region �Fig. 3d� was smooth with a
roughness of about 50 Å. Clearly, the mechanical action of the pad
and the surfactant nature of the suppressor did not allow the nodule
formation within the swept ring, although the average film thickness
was still the same ��0.71 �m� in both regions within the accuracy
of the measurement. Data in Fig. 3e and f were taken from the
unswept and swept regions, respectively, of a wafer electroplated in
an electrolyte containing 2 mL/L of accelerator and 8 mL/L of sup-
pressor. In this case the copper film deposited on the unswept region
under standard ECD conditions was smooth, with a roughness of
about 50 Å due to the leveling effect of the accelerator and suppres-
sor additives, and the copper deposit within the swept ring had a
mirror-finish surface with a roughness of 20–30 Å due to both me-
chanical and chemical action of the ECMD process.14 The copper
layer of the swept region in this case was found to be at least
0.1 �m thinner than the copper layer within the unswept region,
suggesting that MICS mechanism was operative in the plating bath
containing both suppressors and accelerators. Sheet resistance mea-

Figure 3. FIB/SEM micrographs taken
from the unswept and swept regions of
three wafers plated in electrolytes with
various additive content; �a� unswept re-
gion plated in a bath with A = 2 mL/L,
S = 0 mL/L; �b� swept region plated in a
bath with A = 2 mL/L, S = 0 mL/L; �c�
unswept region plated in a bath with A

= 0 mL/L, S = 8 mL/L; �d� swept region
plated in a bath with A = 0 mL/L, S

= 8 mL/L; �e� unswept region plated in a
bath with A = 2 mL/L, S = 8 mL/L, �f�
swept region plated in a bath with A

= 2 mL/L, S = 8 mL/L.
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surements taken using a 4-point probe agreed well with the FIB
data, confirming that we could use sheet resistance measurement in
our study and that pad action in the swept ring did not change the
resistivity of the as-deposited copper layers in any significant way.
This is in agreement with the results of previous work on the com-
parative characterization of electrical and structural properties of
copper layers deposited by the ECD and ECMD techniques.14

Figure 4 shows the experimentally determined dependence of the
thickness differential on the suppressor concentration in two differ-
ent plating baths, one without accelerators �A = 0 mL/L� and the
other with an accelerator concentration of A = 2 mL/L. Depositions
were carried out for 60 s at 80 rpm in these experiments. As stated
before, in the absence of accelerators, a plating bath containing only
suppressors yields a small thickness differential. This is shown by
the data labeled “A = 0” which also suggest that there is not a strong
dependence of this small effect on the suppressor concentration. The
second set of data for an accelerator concentration of 2 mL/L shows
a sharp increase in the thickness differential when the suppressor
concentration was increased first from zero to 0.5 mL/L and then to
2 mL/L. Further escalation of the suppressor concentration to
16 mL/L was found to saturate the thickness differential at a value
of about 2000 Å. Considering the fact that the total plated copper
thickness was about 5000 Å, this thickness differential represents
about 40% reduction in the plating current density within the swept
region of the wafer.

Figure 5 shows the variation of the measured thickness differen-
tial as a function of the accelerator content of the bath at a fixed
suppressor concentration of 2 mL/L. For a suppressor concentration

of 2 mL/L, the thickness differential was reduced appreciably and
continuously as more and more accelerator was added to the chem-
istry. Similar behavior was observed when the experiment was re-
peated for a suppressor concentration of 0.5 mL/L. In this case the
thickness differential declined to insignificant levels when accelera-
tor concentration was increased to about 30 mL/L.

Assuming Tafel kinetics, the current density in the unswept re-
gion can be represented by

ino pad = i0�1 − �no pad�exp�− �cFV/RT� �1�

and the current density in the swept region can be given by 13

ipad = i0�1 − �no pad − �pad,0 exp�−kt��exp�−�cFV/RT�

= ino pad − i0�pad,0 exp�−kt��−�cFV/RT� �2�

where i �mA/cm2� is a function of position and time, R is the gas
constant �8.314 J mol K−1�, F is the Faraday’s constant �96,487
coulombs/mol�, T is the temperature in Kelvin, �c is the transfer
coefficient, �no pad is the effective additive coverage in the unswept
region, �pad,0 is the additional additive coverage induced in the
swept region due to the mechanical action right after a pad sweep,
and k is the additive relaxation rate constant in s−1. The thickness
differential, �, which is the copper thickness difference between the
unswept and swept regions right at the border between the two re-
gions, can be derived from Eq. 1 and 2

� = B � i0�pad,0 exp�−kt�dt = Bi0�pad,0�1 − exp�−ktp��/k �3�

where tp is the time period between pad sweeps, B is a proportion-
ality constant, and the integral is taken between t = 0 and t = tp s.

The general trend seen in the data of Fig. 5 is supported by the
proposed mechanism of ECMD represented by Eq. 1-3. Right after
the additives are swept by the pad piece at a location on the wafer
surface, the current density at that location is suppressed due to
increased effective surface coverage of the suppressor. Then, the
accelerator starts to readsorb to restore the additive surface coverage
at the swept ring with a time constant k. As the concentration of the
accelerator in the plating solution is increased, readsorption kinetics
is expected to be faster, increasing k and reducing the thickness
differential. Inherent in this is the assumption that the process is
cyclic, and that the pad restores the swept region to the same con-
dition at every cycle. The additive relaxation rate constant in an
electrolyte with A = 2 mL/L and S = 8 mL/L was previously esti-
mated to be in the range of 1.5–5 depending on the status of the
copper surface in terms of prior exposure to accelerator
additives.11-13

Experimental results were matched best to the model for a k

value of about 1.6 s−1 for wafer surfaces exposed to the plating
electrolyte before the initiation of the ECMD process.11 A larger
effective relaxation times of around 5 s−1 had to be used to obtain
reasonable agreement between the experimental data and the model
calculations for ECMD processes which were initiated as soon as
the wafer surface touched the plating solution.12,13 Because the wa-
fer surfaces were presoaked in the plating electrolytes for 10 s in the
present experiments, we assumed a k value of 1.5 s−1 and plotted the
dotted curve in Fig. 5 using Eq. 3 and tp = 0.36 s for a wafer rota-
tion of 80 rpm. We assumed the value of k to be proportional to the
accelerator concentration in the bath. The experimental point at A

= 2 mL/L was forced to match the theoretical calculation to obtain
the value of the factor �Bi0�pad,0�. As can be seen from Fig. 5, the
general trend of the thickness differential reduction follows the the-
oretical prediction of our simple model. The discrepancy between
the model and the experimental data points suggests that �pad,0 may
itself be a function of the additive concentration in the bath and, that
although the mechanism of additive readsorption to the swept sur-
face may be represented by Eq. 3 for a given bath chemistry, its
dependence on the accelerator-to-suppressor ratio may be more
complex.

Figure 4. Copper thickness differential between the swept ring and unswept
region of blanket wafers as a function of suppressor concentration in plating
baths containing accelerators at concentrations of 0 and 2 mL/L.

Figure 5. Experimentally determined and calculated copper thickness differ-
ential variations as a function of the accelerator concentration in an electro-
lyte with S = 2 mL/L.
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Scan I in Fig. 6 shows the variation of the cathodic voltage as
organic additives were added into the solution where copper plating
was carried out by ECD process on a 1 � 2 cm size wafer chip. The
initial portion of the data corresponds to plating from the organic
additive-free electrolyte containing only 50 ppm Cl− ions. At time
t1, 8 mL/L of suppressor was added into the beaker using a dropper,
causing strong polarization and saturation of the voltage to a value
of about −0.4 V. At time t2, 2 mL/L of accelerator was added into
the solution, causing a relatively slow depolarization of the cathode
surface. As can be seen from scan I of Fig. 6, for the specific addi-
tive types and concentrations used in this work, suppressor adsorp-
tion on the fresh copper surface was rapid �within 1–2 s�. The time
constant observed for polarization was probably limited more by the
time required to adequately mix the additive into the electrolyte than
the actual adsorption onto the copper surface. In that respect, it is
likely that the time constant for suppressor adsorption in our experi-
ment was much smaller than 1 s. As for the accelerator adsorption
on the already polarized copper surface, the kinetics seems to be
slow, with a time constant in the order of tens of seconds.

Figure 7 shows the polarization data taken from a copper seed
layer cathode which was suddenly dipped into an electrolyte con-
taining accelerators and suppressors at concentrations of 2 and
8 mL/L, respectively. The cathode surface instantly polarizes at the
time of immersion into the electrolyte �t = t0� and the cathode volt-
age rises to about −0.4 V, a value similar to the one obtained for the

case of an electrolyte containing only the suppressors �Fig. 6, scan I,
t = t1�. The voltage then declines, following almost the exact trend
that was seen in Fig. 6 when the accelerator was added to the sup-
pressor containing solution. These results suggest that, when copper
surface is exposed to a solution with accelerator and suppressor
species, suppressors adsorb fast on the surface and the accelerators
subsequently start to replace the suppressors at a much slower pace,
reducing polarization.

Others have also observed that suppressor adsorption on a fresh
copper surface is more rapid compared to adsorption of accelerator
on a surface with already adsorbed suppressor species. For example,
Akolkar and Landau found a time constant of 10 s for polyethylene
glycol �PEG, with molecular weight of 3500–4000� adsorption on
the copper surface under their experimental conditions, whereas in-
jection of accelerator �C6H12Na2O6S4, or SPS� into the suppressor
containing electrolyte showed slow electrode depolarization with a
time constant on the order of 100 s.15 It was also observed that,
whenever PEG and SPS species reached the electrode surface simul-
taneously, PEG absorbed first, polarizing the electrode, and only
later SPS started to displace the already adsorbed PEG species,
thereby slowly depolarizing the electrode.15

Data in Fig. 6 and Fig. 7 show that the commercially available
proprietary additives used at concentrations employed in our work
were about an order of magnitude faster in terms of their adsorption
kinetics compared to the additives of Ref. 15. Furthermore, in the
ECMD process the copper surface is repeatedly swept by a pad
which is expected to reduce the effective thickness of any boundary
layer that may be forming. In Ref. 15, a boundary layer thickness,
�, of about 18 �m and PEG diffusion coefficient, D, of about
5 � 10−7 cm2/s was used to calculate the time constant for PEG
adsorption, 	 = �2/D, to be about 6 s. An order of magnitude reduc-
tion in the boundary layer thickness and an order of magnitude
increase in the diffusion constant would yield time constants for our
suppressor adsorption to be in the range of 
10 ms during ECMD
process. Because we have experimentally determined the k values of
Eq. 2 to be in the range of 1–5 s−1 the time constant for replacement
of the suppressor by the accelerator in our ECMD process is on the
order of 0.1–1 s, which is more than an order of magnitude smaller
than what was observed for the ECD case of scan I in Fig. 6.

Based on the presented results, it would be better in an ECMD
process to presoak the wafer surface in the electrolyte for a period of
time before initiating plating. This way additive surface coverage at
the unswept regions would be stable with a relatively high accelera-
tor concentration before ECMD is initiated. Otherwise, if plating is
started exactly at the time of entry of the wafer surface into the
solution, the unswept region �cavities in the case of patterned wa-
fers� would be rich in suppressors due to the suppressing species
adsorbing rapidly on the copper surface and the accelerators taking a
few more seconds to replace some of the suppressors and decreasing
polarization �see Fig. 6, scan I�. Therefore, especially for short depo-
sitions, planarization efficiency may be lowered due to this effect
because the additive surface coverage differential between the swept
and unswept surfaces would be reduced by the slow transient of the
accelerator adsorption on the unswept surface. In a previous study
we observed this phenomenon and mathematically accounted for the
reduced planarization efficiency by increasing the effective value of
k from about 1.6 to the range of 3.5–5.12 It would, however, be
better to eliminate this effect by presoaking the wafer surface in the
process electrolyte before initiating ECMD.

The data presented above support the previously proposed MICS
mechanism that may be summarized as follows. The mechanical
action of the pad disturbs the steady-state surface coverage of
suppressor-accelerator species. Right after the pad sweep, suppres-
sors readsorb on the swept surface in a matter of a few milliseconds,
while the accelerator readsorption takes a few hundred milliseconds.
Therefore, if the wafer motion and the pad design are selected so
that the time period between pad sweeps everywhere on the wafer
surface is minimized �typically 
300 ms�, the swept areas on the
wafer �top surface or the field region in the case of patterned wafers�

Figure 6. Cathode polarization data from ECD experiments in a beaker
�current density of 20 mA/cm2�; Scan I: 8 mL/L of suppressor added into
the plating electrolyte containing 50 ppm of Cl− at time t1, 2 mL/L of accel-
erator is added at time t = t2. Scan II: cathode is derivatized in a solution
containing 2 mL/L of accelerators, rinsed, dried, and plated in electrolyte
containing 50 ppm of Cl− and 8 mL/L of suppressors. Y-axis of the graph
refers to voltage with respect to the calomel reference electrode.

Figure 7. Cathode polarization data from ECD experiments in a beaker;
cathode is introduced into an electrolyte with 8 mL/L of suppressors,
50 ppm of Cl−, and 2 mL/L of accelerators at time t0 and plating initiated at
a current density of 20 mA/cm2. Y-axis of the graph refers to voltage with
respect to the calomel reference electrode.
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stay adequately suppressed throughout the ECMD process, giving
rise to accelerated growth on the unswept regions �cavities in pat-
terned wafers�. One way to reduce the time period between pad
sweeps is to use pads in the form of multiple strips placed on the
porous shaping plate.12

It was previously observed that the planarization efficiency of
ECMD could be increased to over 90% by pre-exposing the copper-
coated patterned wafer surface to an accelerator-rich electrolyte.12 In
the present work we investigated the mechanism of this efficiency
enhancement by derivatizing copper seeded wafer surface in an ac-
celerator containing DI water solution before it was plated in an
electrolyte containing just suppressors. Scan II in Fig. 6 was taken
from a derivatized wafer chip after it was immersed in an electrolyte
with Cl− = 50 ppm and S = 8 mL/L and electrodeposition was ini-
tiated. As can be seen, when electroplating started the cathode volt-
age was at around −0.2 V and polarization increased slowly, reach-
ing −0.24 V in 160 s. This result demonstrates that, once the
accelerator gets adsorbed on the copper surface, its replacement by
the suppressor under ECD conditions is a slow process. Under
ECMD conditions, however, our experimental results so far demon-
strated that we could reduce accelerator coverage and enhance sup-
pressor adsorption onto copper surface by sweeping the surface by a
pad. Therefore, partial sweeping of derivatized blanket wafer sur-
face should yield a large thickness differential if plating is carried
out in a suppressor containing solution.

Figure 8 shows the thickness profile taken across a radius of a
blanket wafer after it was first derivatized in a DI water solution
with A = 2 mL/L and then plated using the cell of Fig. 2 in an
electrolyte containing 8 mL/L of suppressors. Then, 5000 Å equiva-
lent of copper was deposited on the wafer. As can be seen, only
about 1500–2500 Å of copper was plated within the swept ring
�assuming 1200 Å thick seed layer�, whereas the plated copper
thickness in the unswept region was, on the average, about 6500 Å.
This corresponds to up to 77% reduction in the plating current den-
sity within the swept ring. The thickness differential of
6000–7000 Å observed right at the borders of the swept and un-
swept wafer regions is much higher than the thickness differential
given in Fig. 4, and suggests that the additive surface coverage
differential in this experiment was larger. According to scan II of
Fig. 6 the unswept regions of the wafer surface would stay
accelerator-rich in the suppressor containing electrolyte during the
60 s plating period with cathode voltage at around −0.2 V. The
swept region is expected to stay highly suppressed because once the
accelerator is swept off the surface by the pad, it cannot adsorb back

because there are no accelerators in the bath formulation, i.e., k in
Eq. 2 is near zero. The potential of the suppressed copper surface in
Fig. 6 is about −0.4 V. Therefore, the differential in surface polar-
ization between the swept and unswept regions for the derivatized
and then plated sample is expected to be large, which is in agree-
ment with the observed large thickness differential.

Conclusions

Mechanism of MICS was studied using a technique where a
ring-shaped portion of the surface of blanket wafers was swept by
small pads during electroplating of copper. Suppression of current
density within the swept ring was observed and its dependence on
plating bath chemistry and the preplating additive content of the
wafer surface were investigated. It was found that the copper thick-
ness differential between the swept and unswept regions of the wa-
fer surface was a strong function of the organic additives in the
plating bath. Baths containing only Cl− ions and accelerators did not
show MICS phenomenon. Electrolytes with only Cl− ions and sup-
pressors yielded a small degree of current suppression �about 14%�
within the swept ring. Up to about 40% current density reduction
was found within the swept ring in electrolytes containing both sup-
pressors and accelerators in addition to Cl− ions. However, as the
accelerator-to-suppressor ratio was increased from about 1 to about
70, current suppression within the swept region went from 40% to
about 10%. These findings are in agreement with the mechanism of
MICS which was first observed during ECMD of patterned wafers
and which proposes that during sweeping by the pad, accelerator
surface coverage at the swept surface is reduced and suppressor
coverage increases. Therefore, the unswept surface stays relatively
more accelerator-rich and attracts more deposition current. In this
study it was determined that the differential in suppressor surface
coverage between the swept and unswept portions of the wafer
could be increased by first derivatizing the wafer surface in an
accelerator-containing solution and then electroplating copper in a
suppressor-containing bath. This way up to 77% reduction in current
density was observed within the swept ring as compared to the un-
swept region of the wafer.
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with S = 8 mL/L, Cl− = 50 ppm. Swept ring is at location between 70 and
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